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Character list 

Characters 1-351: from [61], with the modification of character 26. Character 352 and 353 were 

created and coded for each taxa. 

26. Maxilla, development of maxillary ‘fenestra’: absent (0), deep and well-delimited fossa (1), 

shallow and poorly delimited fossa (2), fenestra (3). 

352. Maxilla, shape of interdental plates (separated or fused): rectangular (0), subpentagonal 

(1), triangular or trapezoidal (2). 

353. Maxilla, neurovascular opening on the dorso-medial edge of the jugal ramus: absent (0), 

present as one foramen (1), present as several foramina (2). 

 

Data matrix 

nstates 5 

xread 

353 62 

Eoraptor

 00010000?00000??????0101000?0?0010000?0000100??0001?0000001000000?0000000000?10?00??0?001

000?0000?0??????0??00?0?101000000?0?0000?00?0000?0?00?000100000000000-0?????????-

00000000000000?0?00000000000000?0000001?0010000?000001000000101000000000?001000001000000000000

10000000?00000000000??000?0000000?00000?0000?000?000000000???-0000000000000000000000000?? 

Herrerasaurus

 00001000000000????0?0001000?0?0?00000?0000100??001201000000000000?00000100000000020?0000

10?00000?10??00000000?000000?10000?0?0000?000010010000?0?0100000000000-00?000010?-

00000000000000?0?1000000?0000000000000??001??00?1?011?0??00010100000010000010100010000000000001

0000000?00000000000?0?001000000?00000??0000100000000000001??-010000100000000000000000000 

Acrocanthosaurus

 020?1100?0000001111000000311111100010?000000211101211100020212011?1121111020110?02??110

12100000100110100012011111?111002100101020010?11111?000100010000010011012?00110011?00?00121100

01000110011211110?0021000000101?1?110110120012001210?001011110000113110111111000????010?10??111

0110201201?120?201111000220111011110000110010312?1010?1110?1??01210111001?100 

Aerosteon

 ????????????????????????????????????????????????????????01?000?111??????????10000200???????????

????????????????????????????????????????????????????????????110121???????11?01001?1?00010001011010111?

????2?110??0?????????0101100121????????????????????????????????01011010010221110110201201?120???????

???????????????????1001?412????01112021110?????????????? 
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Afrovenator

 ?????????0010101100000100120011000?????0?000201001?011001011000?????????00?001111001??????

???????????????????????????????????????????????0000000001?????10?11001?0?011000010001101100001?001?0

00001???????100000???1?01010??????????0121?????00?0?????0?31001111?100001?10?01101011?011?2012?1?0

0?001011100011101100001100001000021?11010110???111011?011100??110 

Allosaurus

 00101[01]000001000101010000031111110001101100002[01]2[01]0010110000000101111100011020000

002001101100011010010010201201111111112000100110201111111110000100011020010011001100110010[01]

100001011000100001000101111000011?0000000101?1101101200120012101011000010001113100111111000011

1010010211110110201201?1100200111000[12]1011101111000011001021221010111102111012101110010110 

Angaturama

 11???201?1121?11???0?????????????0??????????????????????????????????????????????????????????????

???????????????????????1?0??????????????????110111701311????????????????????????????????????????????????

?????????????????????????????????????????????????????????????????????????????????????????????????????????

???????????????????????????????????????????????? 

Australovenator

 ?????????????????????????????????????????????????????????????????????????????????????????????????

????????????????????????00001???????????100001000110???????????????????????????????????????????????????

?????????0????????????????????????????00010101????01?1111??101??????????????????????????????????????220

1210111100011100114122101011121211101211????010??? 

Baryonyx

 111?0201011210110?0000???02???1??01????0?001202011?0??????0??0?1111100??????0?110110100010

11?01??010210?011??????????001101010?[12]101???1??0100101100013001011100[12]?10010010010001101111

10100011000101010?0???000?00??1??1?00??0?1?0100012111100010011010????????????10?0?11010?101?11101

10[01]0?2?1?0????0011000????1????00110100????????110?0?????????????0????????1? 

Carcharodontosaurus

 ??????0??000000111100001031101110101111000?02?1?0??111100??21211211?211????0????????110121

?0??0100??01121121???1???????2?10??????????????1000020000?????10?110?2?????0??01?0?00101?0???1????0?

?????????????100?0???1???1??????????????????????????????????????????????????1??1???????11?????0?????0??1

1?????22??1101111??01?100???????010??????????????????????[01]0 

Ceratosaurus

 0210100010000000000000000010100010120?0000002020011000000010000111111000101001001000101

0100000000110100001110000?100010000001??1000000100100010000010100100011021?0100010000000021100

000010100001010211??10000210?0100001101011110100100110000????0??1??1?01?00010?010?11100?0000111

011110110100001[01]0001001100110[01]001102100010100200211101001021??1?0001??10???00 

Chilantaisaurus

 ?????????????????????????????????????????????????????????????????????????????????????????????????

?????????????????????????????????????????????????????????????????????????????????????????????????????????
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??????????????????????????0120110000????????????????????11??????10????2110????????????????????????22??1

11???1000?1100??41221????1?????????2101??0?????? 

Chuandongocoelurus

 ?????????????????????????????????????????????????????????????????????????????????????????????????

?????????????????????????????????????????????????????????????0????????????????????0?????????????0????????

?0????????????????????????????????????????????????????????00???0011101011???1?0?????0?????????????00?10

1000100000?1000041?2121011???21110?100??100????? 

Coelophysis_bauri

 00101211000010????0?011010100?0000000?0000101??0000000000000000?0?00000110110100000?0000

000?0?2??1????0??1?0?0?0?00??00110?0?0000?00?0000000010000?0000000001100?100011000?0000010110000

00?0000000001000000000011?1100?01?000001002000101000000?0[01]?001011101010000001001000110000110

11110100?10000001000010000110[01]00?00?000?01000110002100000010111100011000000?0 

Coelophysis_rhodesiensis

 00???211000010???00?01101100?00000000?020010100001[01]00000000?000100000000?0110?0000000

000000000200100?000?10000000001000100000000000000000100000000100000000011011?00011000000000101

10000000?0000000010000?0000?11?1100001?000001002000101000?0010[01]00011011010100000010010001100

0111011110000?1000?011100010000111[01]001102000?0100?11000210000001011110001101000020 

Compsognathus

 00???100000100????0?010003100?1??0000?0000000??00000?000?00?00????1?00????????0??0????0??00

?????0??0?0??????1?1????1?0000?00??0??100??10100?0000?0??0000100?100[12]???????100?001??001100?000?

???0000??1??0??000?0?00?1?0?0111?011100?0??[12]??0???0???0??01?1310011????0?000??010?11??110011?20?

201?011?11?10??002???111?????????1?0???????01011???????01??0?11?01010? 

Concavenator

 ?????0???????0??????001003??0?1?00?1111?10102010000?110??10??2????1??????????????????????????

???????????????????????????????????????????????1020?0??????[01]0??100?????????????????[12]?1??10????1???

0211?1?1??[01]100?000????1?111110?10?1??0?1??10??0?1010001??????????????0?0?0?10?11??111011020?????

???02011???1?22??1100??????????????[12]2??0?0?1?1?????0???0?1?00????? 

Condorraptor

 ?????????????????????????????????????????????????????????????????????????????????????????????????

???????????????????????????????????????????0010001????????01001????????0000?00101?00001000?2001?01110

1001?0002???01??101???????????????????????????????????????????0?1??01?01010????????0????0???00001100?

???????0??01000001?00??11????????????????1?01???0????? 

Cryolophosaurus

 ???????????????????00?????????1??00?1001?01010?000?0111??0?00[01]0?1?10000?10??000000??10001

000001??1?0010????0??????1??0????????????10?000000000?0?01??????0?01000????????00?0?000?0?1000??001

000??010?0?????000200????0?01??????????????????????0?10001??????????????00???00???0?????011??0????0??

?0?0??10011001?0?00110100000000?2??????01001011??0?????????????? 
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Dilophosaurus

 01?11211000010000000001000100000000?100200100??00?200100001?0001001000?1101101000000000

?000000200101000001??0??0?????201100010000?1000000[01]1000000010000010101101??000111001000001011

00000000000010101000010000201??10000100000010010011010000001010001?111011000100010010001100001

100110[01]000?10000010001?00100110[01]000000000001000211002100001010110100011000?0?[01]0 

Dubreuillosaurus

 01???100?0010101?000001001[12]0001??0??0??0??002??001?0????1011?001011?000000??????????10??

2011100?0??110010??0??????010?0110111??201???????0000000?0100000100?1001?????????0?????????0?00??0?

1??????1???????1??000?10????0110?????0??????????????????????????????????????????????????????????????????

?????????????11????0?0???????????1?01????????????????1??????1? 

Duriavenator

 00???100??0101011000?0?0?120?1???0?????????????????????????????????????????????????????????????

????????????????????????110101????????????0000010?0??0?00100???????????????????????????????????????????

?????????????????????????????????????????????????????????????????????????????????????????????????????????

????????????????????????????????????????????????12 

Elaphrosaurus

 ?????????????????????????????????????????????????????????????????????????????????????????????????

??????????????????????????????????????????????????????????0110[12]????????00100000?011000001?000000000

2111?0000011??010???????0???11?01110100001000???????????????????000111000000?111111100?[12]??????0?

0?00001100110?00110??00010000210??21?0??????111?001???1?????? 

Eocarcharia

 ?????????00000011100101003111111?0??????????????????????01?00201111???1??????????????????????

????????????????????????????????????????????1000010?01?????10???????????????????????????????????????????

?????????????????????????????????????????????????????????????????????????????????????????????????????????

?????????????????????????????????????????????????10 

Eustreptospondylus

 ?1???20000011?01100000010120?1???0???????100200001??????10?10001?1??00000???0111100010??10

01000100?11000012??????????00110111????????????00000?0?010000010011001???011010010001101100000100

11000101?100??1?0000????1????????111?0???0121210?00???????????????????????00110101100011?011300?2?1

?000001010100?1111110000110000100002111101?110102111??1001??000??1? 

Fukuiraptor

 ???????????????????0?0?0?????????????????????????????????????????????????????????????????????????

???????????????????????0????????????????1000010?0110????00110?[12]????????1??????????0????0????????11??

????????????????????????????12001211101?001?1010??????????????10?????10????????????????????????????????

21012101?1100011??01??12????01112121??012?1???0?????? 

Giganotosaurus

 02???000??0?00?11?100001031101???10?1110100021110????????2021211??11211??0??1?00020?110121

???00100?0011211?1??????111??201010?????1?1111110?0020000??00010011012?01?0??111001?01?1?00?100?1
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1001?21?2?????2?00000???1??0?10??0???01?0????????????????????????????????00?11010010211110110201201?

120020111100022011101??1?0???1001?31221010?10???????????????????00 

Irritator

 ?????2????02?0???????01100200?100010??0000010?201110010000??00011?11000????0?0???11?10??10?

10010001021000?101?10?????0????????????10?11?0???1101?1-

??????1??????????????????????????????????????????????????????????????????????????????????????????????????

?????????????????????????????????????????????????????1??????????????????????????????????????????????0 

Leshansaurus

 ???????????1?1?1?001??1?0????1????????????????????????????????????10000?????????????0000000100

21001??00????0??????????????????????????????00???0????????[01]0?1100?1?0010??0110000121?0000??0????00

0001100??????????????????????????????????????????????1????????????0?0??????0110?0111011?[12]0????????0?

?0??????[01]????100001???1?10???211110?0??????????????????0????0 

Lourinhanosaurus

 ?????????????????????????????????????????????????????????????????????????????????????????????????

??????????????????????????????????????????????????????????1100?????????0??????1?1?000?000?0?00???1?1?0?

?1100000?????0?111??????????????????????????????????????????00?01010?1011111011?2?????1???0?001100??1

1011101?0110?????01?21?2101????????????????????????? 

Magnosaurus

 ?????????????????????????????????0???????????????????????????????????????????????????????????????

??????????????????????110?11????????????0000000?0????????0???0??????????????????????????????0??????????

???00????????????????????????????????????????????????????????0???01??1?????????????????0??0?????????1???

????0?110?001000?21?????0?11????????????????????? 

Majungasaurus

 0210100010000001000000010010000011120?10020000?101200000020202012?111101101100001000101

00?00000010?01101?1000000010101100101001100100010010100000001000010001102100110010011000121100

00001010000001021?1111001201?01000011?1011?10?011102000010??????0????????????0??0011100000001111

111??????0???1?????????0????100110?100010100210211111111021111?0001??1101?00 

Mapusaurus

 ??????0???00000111100001001101?101011110100021110??1111102?2121121????????[02]01?000?0????

??????????????????????????????00201010?01001??????1000020000?0???10011012???01???1??0?0010??0001??01

?00102012?????210000?????????1?11012?0????1???10?10???????0????1????????000???0?0?102?1110110[12]???

??????0?011?100022??1101111?00?1100??31221010110??2111012101??0010?10 

Marshosaurus

 000??0000000010010001102011001?000010?000??????????0?1001?10000????1000000?10?0?01?010002

0000001001?0?00?1?0???????????10001??0???1?011??00100100010000010011001?011111000100001211000000

0012001101?1??????????????10???????0?1????????????1????????????????????????00?110100101011?011001020

1?0000?00111000?????1??????????????????21???????0?????????????????10 
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Masiakasaurus

 0?????0???00100100000100001000???0?????????10???????????0??20101?10?????????0?001??00????000

?0001??00???0100?????????11101000011-

0??00?000100000000???0020001102?00110010011000111?000000101000000002011110001011?0100001?010111

11001110100001????????????????????001001?1000000011?111111120100001001001??100110100110210001010

02102?1111112021111?0011??1101?10 

Megalosaurus

 ?????????0000?01101100?001?0?1?000?????????????????1?111??????????????????????????????????????

?????????????????????????000101?????0?011000010010?01??00?100???01????????0??????1?????0?1????1000201

1100001?0000???010?????01110?000001212110?000010000??????????????00101010110101110113?00[12]??????

0?10??1?0011101100001?000010000221??0?0?1????1????1001??00???00 

Megaraptor

 ?????????????????????????????????????????????????????????????????????????????????????????????????

??????????????????????????????????????????????????????????11012????????11?0100121?0????????1???????????

???110?0???????1?111011?0121????????????0101011?2?01011111110??????????????????????2?????????????????

???????????????????????????????????????2?11????????? 

Metriacanthosaurus

 ?????????????????????????????????????????????????????????????????????????????????????????????????

???????????????????????????????????????????????????????????1001?????????0??0??1?1?00011?00?00012111????

?1?000?0???1????1???????????????????????????????????????????00??10100101111?011??012?1?0?00?101?01?11

1??110?11110001??0???21????????????????????????????? 

Monolophosaurus 001?1000?00100??????000003000?100011101300100?-

0012[01]11000110010?11110001?021000000??1000100000010?????0????01?1??????001000010020100?0???00?0

010?0??0000101110010?0010010010?0010110000000?10000101?10?0?1?000?00?010??????????????????????????

?????????????????????0011000101010111011?00?[12]0100???0001000?0??????????????????????????????????????

??????????????? 

Neovenator

 00???1000001000101010000031001???10110110????????????????????????????????????????????????????

????????????????1?????????110000????????????1000010001?020010011012?1?????111101001211000100011010

10110?0???2100001???1?10?10?1011?0120????????????????????????????????01?11010010221110110201201?120

00001?1011020?1101111000111001131221010?10???1????210111?010?10 

Ornitholestes

 000??000?00000??????000001100?1?00001000001010?0012?11000001000?1??10001?020?00??0??1000?

00???0????0??0??????????????00000?0??0?0?0?0100111?000000??00001001100[12]?????????0100101?0?000?00

01000000010100??1?00010??010??11??????????00111100000000???01??11??111??1??00?0001011121111011020

????????010010000021??211??0100001???????2??0?0???????????2001??0?????? 

Piatnitzkysaurus

 ??????????000?01000010020110?1???0????????????????????????????????1???0?????????????10?0100000
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010?1101000?10???????????2010?1????????????0010010?01?????00001001?001111000100001211000010001200

?1011100001?000?0??010?????01011?112001211101100??100?1??????????????001?10100101011?011?0002?100

00000011000011?11100001000001000022121010?10???1????1001??0????10 

Piveteausaurus

 ????????????????????????????????????????????????????????????????011?000?????????????1000?0?1002

100??1002?110???????????????????????????????????????????????????????????????????????????????????????????

?????????????????????????????????????????????????????????????????????????????????????????????????????????

????????????????????????????????????????????????? 

Poekilopleuron

 ?????????????????????????????????????????????????????????????????????????????????????????????????

?????????????????????????????????????????????????????????????????????????????????????????????????????????

100?0??1?????111??????????012??10110001000001????0?11????0????????????????????????????????????????????

????????????10???2????0?01111021?10????????000??? 

Proceratosaurus

 000??000?00100??????000003100?1??0????????0???????201100000????????????1??20??0??0???????????

?????????0??????????????00[02]00?0??0???00??1?1?110000?0??0000000??????????????????????????????????????

?????????????????????????????????????????????????????????????????????????????????????????????????????????

?????????????????????????????????????????????????????1? 

Saurophaganax

 ?????????????????????????????????????????????????????????0??????????????????????0????????????????

??????????????????????????????????????????????????????????1100?1??????????0?001?1?000?0??0??????11?????

???00??0????????10??????????012?0101100???????????????????00001?1010010?????????20?[12]01?1?00??01???

??210?110??01???011001?21??????????????????00?????????? 

Shaochilong

 ??????????000??11?10100100110111?00???1???????????????????????????1?011?????0?00020011???1?00

00100?0011??120?????????????????????????????1???????????????????????????????????????????????????????????

?????????????????????????????????????????????????????????????????????????????????????????????????????????

?????????????????????????????????????????????????00 

Shidaisaurus

 ???????????????????????????????????????????????????????????????0??11000?????????????110?0???????

???0????????????????????????????????????????0??0?00???????????0??0110000???????1????001?00????01211010

0001?00???????0???????????????????????????????????????????????00??0?1??1???111011020?[12]0??00??20??0?

?0?????????????????????????????????????????????????????? 

Siamotyrannus

 ?????????????????????????????????????????????????????????????????????????????????????????????????

?????????????????????????????????????????????????????????????0[12]?????????????????????????????0???110100

0?0?000????010???????????????????????????????????????????????002010100102?11101122012110000??101101?

?????????????????????????????????????????????????????? 
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Sinosaurus

 ?0?0?000?0010???????000203??0?1??0??101300100??000?00?00?01?000???1??0?????1?0??????????????

???????????????????????????00??0?00???1?????????0??0?0??????10?0100[12]?1?00??00010000?001000000100?0

00001??000?1000020??01?010??010001?000112111000000010001???1010111?000000?0101?0000111011?[01]00

2010000?200010111001110000101000?1000022001010?0????0???110011100??110 

Sinraptor_dongi

 00001000000000000000010003111111000110100000211000011100010001001?110000112001000200110

110001001001001120100111?11111000000110020011111000000010?0?1000010011001101100010010000121100

01100011001211010?0?1?000?000010???1?01011100??????????????????????2???????11?00020101001010111011

22012111000021011010111011101111000011000022121010110102111012101110010110 

Sinraptor_hepingensis

 00001000000000??????010003111?1?000110110000211000011100010001001?110000112001000???11?1

2000?00?????01??????1?1??????0000001?00?001???1?000?00?000?10000100110011011000100100001211000110

001?001211?1100011000100?0101?11001011100?0????????????????????????????????000010100101?1110112[12

]0021110100210110?10110?1101111?00??????????????????????????????????????? 

Spinosaurus

 110?1201011210????0??0000020??1??0?????0??????????????????????????????????????????????????????

???????????????????????00110?0??011????????010110111-

01311?101100[12]??????????1000??21?0100?00???0?02010?00????000?0??0??????????????????????????????????

?????????????????????????????????????????????????????????????????????????????????????????????????????????

?2? 

Streptospondylus

 ?????????????????????????????????????????????????????????????????????????????????????????????????

??????????????????????????????????????????????????????????1100[12]????????0??0?01??1?0000010?1?0???010?

??????000?0??0?0?????????????????????????????????????????????????????????????????????0??1?000????????0??

????????01000?01????2???????110102111??????????????? 

Suchomimus

 111102010112101?0?00000100200?1??0?????0??????????????????????????1???????????110110?????????

??????????????????????????110??????1????????010010110?013001011100[12]???????100?0001121?11101000110

00201?10?0???00000???1001?0001011?0100012111100010011010????????????100011?010?1000111011000?[12]

?0?00?000011?00?11??110100110100100??41211010?102021??0?1??????????10 

S._zigongensis

 ?????????????????????????????????????????????????????????????????????????????????????????????????

???????????????????????????????????????????00?0??1?????00?1100[12]?????0010??000012110001000?1?00?011

?1??0??000?100?????????01011?0???011021001000010001??2?00111111??00001010?10??1110110101[12]0?100

?020011011111?1??0??110?000?00??211[12]10?0??010??????????????????? 

Torvosaurus_tanneri

 00???100?0010??110110001020000??00????00?101200001?011111011000?[01]??????????001111?01???
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????????????????????????????????010?0?????????????0000010001001001001101101021001001000112110000110

0110001011100001110000??010?101001110000000121211000000100?0[12]???0011011010000010101101011101

13000[12]?1000002001010001110?1000011000010000212110101101021110?1001??0????11 

Torvosaurus_gurneyi

 ???????????100011010000102000000?0?????????????????????????????????????????????????????????????

??????????????????????????????????????????0?00010001?????20?????????????????????????????????????????????

??1??????????????????????????????????????????????????????????????????????????????????????????????????????

???????????????????????????????????????????????01 

Tyrannotitan

 ?????????????????????????????????1?????????????????1111??????????????????????????????????????????

??????????????????????20?010?0??????????1??0?20?0????????01101?1???????1???1001?1?00??00?1?001?2?1???

????000??0??????????11????01??????????????????????????????????????????????????0????0?201?????20?????0?2

20?1?01111?0?01???????2???????????????????????010??? 

Xuanhanosaurus

 ?????????????????????????????????????????????????????????????????????????????????????????????????

??????????????????????????????????????????????????????????1100?????????0??????1??????000?0??00??11??????

?1???????????????0?1???1?200?2111?01000010001102?001101?100??????????????????????????????????????????

??????????????????????????????????????????????????? 

Yangchuanosaurus

 0000?000000000??????000003111?1?0001101100002?1000011100010?010?1?1??0?0?120???0?0????????

?????????????????0111???1??00000?1?00???1???1?0???00?0?0??00001001100[12]?0110001?01000012110001000

?1?000111010000?0000100?010???????????????????????????????????????????????000000100101?111011010120

?100?020011?11111??0101?110????100??211??0101101021??0?????????????? 

CV00214

 ?????????????????????????????????????????????????????????????????????????????????????????????????

??????????????????????????????????????????????????????????1100[12]?0110001??1000012110001000???000[12]

11??0?????00?1?????????????????????012010?0?00101000??0??000???????000?0010?10?????0110[12]0?[12]0??0

0?0?001???1?[12]1?10111?110?00???0???1???0?0?1???????01???????0?0??? 

; 

proc/; 


